














































































































































































Ac	=	πr2		 	 	 	 	 (3)		A	flat	rectangular	clip	(of	breadth	b	and	width	w)	would	have	an	area	of:		
	
Ac	=	bw		 	 	 	 	 (4)	
	However	a	hollow	bung	would	have	an	area	of	:		































4.	Presentation	and	Discussion	of	Results		Table	2	–	Presentation	of	results			 Bung	Type	 Clip	Type	Fixation	 1.8mm	k-wire	 1.8mm	k-wire	Retainer	force	(Fc)	 5.04	N	 2.52	N	Effective	Area	(Ac)	 314	mm2	(solid	face)		 380	mm2	163	mm2(annulus)	Contact	Pressure		(p)	 16	kPa	(solid	face)		121	mmHg	 6.6	kPa		50	mmHg	31	kPa	(annulus)		235	mmHg	Advantages	 Soft	material		Higher	clip	force		Readily	available	from	a	variety	of	sources		Clip	deforms	to	irregular	surface	
Can	be	applied	after	operation	outside	of	sterile	field		Can	be	removed,	washed,	and	reapplied	as	required.		Clip	is	clear	allowing	patient	to	see	dressing	around	pin-site.		Clips	may	be	added,	easily,	to	create	higher	compression	(if	required)		Clip	deforms,	moderately,	to	irregular	surface		Lower	contact	pressure.		Patient	feedback	very	supportive		Larger	contact	area		Disadvantages	 Must	be	put	on	in	the	operating	theatre		Needs	to	be	supplied	sterile	to	be	used	in	sterile	field		
Lower	clip	force		Clip	needs	to	be	specific	to	size	of	wire	/	pin	
Cannot	be	removed	for	cleaning	without	destruction.		Bung	central	aperture	can	store	exudate	and	detritus.		Bung	is	opaque;	pin-site/dressing	obscured.		Higher	contact	pressure.			Table	2	illustrates	a	comparison	between	2	comparable	dressing	clips.	The	first	column	presents	the	results	for	the	“bung”	type	retainer;	the	second	for	the	“clip”	design.	The	clip	produced	the	lower	retainer	force.	This	force	acted	over	an	area	of	380mm2	(a	22	mm	diameter	washer),	hence	producing	a	pressure	of	50	mmHg.	The	bung	produced	the	higher	force	and	acted	over	a	smaller	area	(as	it	is	an	effective	annulus).	The	annulus	the	contact	pressure	would	be	235	mmHg.	Turning	it	over	and	using	the	bung	“face	down”	would	reduce	contact	pressure	to	121mmHg;	this	also	removes	the	issue	of	the	bung	aperture	being	invisible	to	the	naked	eye.			A	recent	examination	of	pressure	sores	stated	that	using	a	limit	of	32mmHg	as	a	limiting	pressure	is	too	coarse14.	There	is	sufficient	evidence	to	suggest	that	the	capillary	pressure	does	not	limit	blood	flow,	but	higher	pressures	can	be	sustained14	due	to	the	supporting	soft	tissues.	A	much-cited	value	of	pressure	related	to	the	incidence	of	pressure	sores	is	a	maintained	pressure	exceeding	9.3	kPa	(70.4	mmHg)15	for	more	than	2-3	hours.			Seiler	and	Stahelin16	suggest	that	pressures	greater	than	17kPa	(129	mmHg)	causes	significant	changes	in	oxygen	tension,	especially	around	bony	sites.	Equally	recent	studies	on	rat	models17	suggest	that	a	long-term	contact	pressure	below	a	value	of	9kPa	(67mmHg)	does	not	predicate	tissue	damage.			It	is,	therefore	advisable	to	have	a	clip	that	cannot	exceed	a	sustained	pressure	of	9kPa.	Tabl2	illustrates	that	the	pressure	created	by	the	clip	type	device	did	not	exceed	this	threshold	value,	but	that	of	the	bung	type	device	did.	There	is,	therefore,	a	risk	of	inducing	pressure	necrosis	using	a	bung	type	dressing	retainer	if	it	is	compressed	excessively.		 	
4.1	Review	of	Royal	Stoke	Pathway		Importantly	the	patients	report	that	the	foam	dressing	is	particularly	comfortable,	especially	when	retained	with	the	new	clip.		
The	introduction	of	the	telephone	triage	and	nurse	led	service	has	resulted	in	a	reduction	in	the	number	of	in-patient	admissions	with	complications.			Patient	education	together	with	the	invention	of	the	new	compression	clip	has	dramatically	reduced	the	number	of	complications	such	as:		
• Pin-site	infections	requiring	treatment	with	antibiotics,	
• Admissions	to	hospital	with	cellulitis	due	to	severe	pin-site	infection,	
• Premature	removal	of	the	external	fixation	and	application	of	a	plaster	of	Paris	cast,	
• Modification	of	primary	treatment	pathway	(external	fixator	change)	due	to	severe	pin-site	problems,	
• Incidence	of	osteomyelitis	(which	can	lead	to	amputation).		
5.	Conclusions		We	have	examined	the	role	of	pin-site	care	to	avoid	pin-site	infections	associated	with	the	use	of	external	fixation	systems.	We	have	presented	a	pin-site	care	protocol	and	have	highlighted	the	need	for	compression	of	dressings	around	the	pin-site.					
		Fig.	11	–	New	clip	design	for	1.8mm	wire.		The	importance	of	good	compression	around	the	pin-site	is	imperative	in	the	prevention	of	irritation	of	the	skin	surrounding	it.	Thus	holding	the	skin	firmly	will	help	in	the	prevention	of	this.	Through	research	at	Royal	Stoke	Hospital,	the	Metaclip	has	been	developed	for	the	thin	wires	(Figure	11).	The	Metaclip	is	an	advanced	design	of	one	that	was	designed	over	6	years	ago.		 	As	a	consequence	of	our	work	to	develop	the	care	pathway	we	can	also	state	that:	 	
• The	Royal	Stoke	Pin-Site	Care	Pathway	has	improved	patient	experience,	patient	outcomes,	and	quality	of	care.		
• Dressing	retainers	should	be	designed	such	that	the	induced	compression	pressure	does	not	exceed	9kPa	(67mmHg).		
• Dressing	retainers	should	be	tested	to	ensure	that	this	limit	is	not	exceeded	or	instructions	given	on	how	it	is	to	be	limited.		
• Compression	around	bony	prominences	should	be	treated	with	caution,	as	oxygen	tension	changes	due	to	compression	pressure	are	more	significant	in	these	locations.		
• The	use	of	“bung”	type	retainers	is	not	advised	as	their	disadvantages	are	significant	in	comparison	to	clip	type	retainers.		
• It	is	suggested	that	“bung”	type	dressing	retainers,	if	used,	should	be	applied	“face	down”	in	order	to	minimise	pressure	but	also	allow	inspection	for	cleanliness.		
• Further	work	is	required	to	understand	the	compression	characteristics	and	advantages	of	all	clip	designs.				
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